Caveolin-1, a binding protein of CD26, is essential for the anti-inflammatory effects of dipeptidyl peptidase-4 inhibitors on human and mouse macrophages.
We previously reported that inhibition of dipeptidyl peptidase (DPP)-4, the catalytic site of CD26, prevents atherosclerosis in animal models through suppression of inflammation; however, the underlying molecular mechanisms have not been fully elucidated. Caveolin-1 (Cav-1), a major structural protein of caveolae located on the surface of the cellular membrane, has been reported to modulate inflammatory responses by binding to CD26 in T cells. In this study, we investigated the role of Cav-1 in the suppression of inflammation mediated by the DPP-4 inhibitor, teneligliptin, using mouse and human macrophages. Mouse peritoneal macrophages were isolated from Cav-1+/+ and Cav-1-/- mice after stimulation with 3% thioglycolate. Inflammation was induced by the toll-like receptor (TLR)4 agonist, lipopolysaccharide (LPS), isolated from Escherichia coli. The expression of pro-inflammatory cytokines was determined using reverse transcription-polymerase chain reaction. Co-expression of Cav-1 and CD26 was detected using immunohistochemistry in both mouse and human macrophages. Teneligliptin treatment (10 nmol/L) suppressed the LPS-induced expression of interleukin (IL)-6 (70%) and tumor necrosis factor-α (37%) in peritoneal macrophages isolated from Cav-1+/+ mice. However, teneligliptin did not have any effect on the macrophages from Cav-1-/- mice. In human monocyte/macrophage U937 cells, teneligliptin treatment suppressed LPS-induced expression of pro-inflammatory cytokines in a dose-dependent manner (1-10 nmol/L). These anti-inflammatory effects of teneligliptin were mimicked by gene knockdown of Cav-1 or CD26 using small interfering RNA transfection. Furthermore, neutralization of these molecules using an antibody against CD26 or Cav-1 also showed similar suppression. Teneligliptin treatment specifically inhibited TLR4 and TLR5 agonist-mediated inflammatory responses, and suppressed LPS-induced phosphorylation of IL-1 receptor-associated kinase 4, a downstream molecule of TLR4. Next, we determined whether teneligliptin could directly inhibit the physical interaction between Cav-1 and CD26 using the Biacore system. Binding of CD26 to Cav-1 protein was detected. Unexpectedly, teneligliptin also bound to Cav-1, but did not interfere with CD26-Cav-1 binding, suggesting that teneligliptin competes with CD26 for binding to Cav-1. In conclusion, we demonstrated that Cav-1 is a target molecule for DPP-4 inhibitors in the suppression of TLR4-mediated inflammation in mouse and human macrophages.